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(54) Separator envelope for swelling in electrochemical cells 



(57) A casing (12) having substantially parallel side 
walls (14,16) connected by a curved end wall receives 
a cathode electrode having substantially parallel op- 
posed side walls connected by end walls. The cathode 
electrode (34) is enclosed by a separator envelope (44) 
that substantially conforms to an upper surface of the 
electrode. In contrast, the separator envelope has ex- 
cess material at least at the opposite end. Accordingly, 
along the perimeter of the electrode the separator has 
a nonuniform spacing with respect to the edges of the 
electrode. The upper surface of the separator is dis- 
posed in a relatively closely spaced relationship with the 
electrode proximate the header and lid (24) where weld- 
ing takes place. At the opposite end of the cathode elec- 
trode there is space inside the casing that provides for 
electrode swelling. Since no welding operations take 
place there, the separator is provided in a relatively 
loose relationship with respect to the cathode to accom- 
modate swelling during discharge. 
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Description 

FIELD OF INVENTION 

[0001] The present invention relates to the art of elec- 
trochemical cells, and more particularly, to a new and 
improved separator envelope for accommodating the 
swelling of a cathode electrode in high energy density 
electrochemical cell. 

BACKGROUND OF THE INVENTION 

[0002J During normal discharge, the cathode of a lith- 
ium electrochemical cell, including but not limited to Li/ 
SVO and Li/CF X cells, exhibits swelling. The separator, 
which is used to prevent physical contact between the 
anode and the cathode, adjusts to the swelling while 
maintaining structural integrity. Accordingly, conven- 
tional separator envelopes are fabricated with excess 
material distributed evenly around and about the volume 
of the covered electrode. This type of design is adequate 
when there is substantial clearance between the cov- 
ered electrode and the header or lid of the cell. However, 
when the covered electrode and the case lid are in a 
closely spaced relationship, the separator may melt or 
become compromised during welding operations as the 
lid is being hermetically sealed to the rest of the casing. 
This happens because the casing and the lid readily 
conduct heat to the separator proximate the welding 
zone. 

[0003] Accordingly, what is needed is a separator en- 
velope that is suitable for cells having minimal or a close- 
ly spaced clearance between the electrode assembly 
and the inside surface of the case, and especially in ar- 
eas that are near welding zones and which maintains 
its structural integrity throughout the discharge life of the 
cell. 

SUMMARY OF THE INVENTION 

[0004] Generally described, the present invention 
meets the above-mentioned need by providing a sepa- 
rator envelope that is characterized by a non-uniform 
offset from the covered electrode. This non-uniformity 
refers to the clearance around the entire body of the 
electrode. In other words, the clearance is not equidis- 
tant between the separator envelope and the covered 
electrode. Excess separator material is disposed in ar- 
eas where there is adequate clearance from casing weld 
zones while the separator is in a relatively closely 
spaced relationship with the covered electrode in areas 
where there is less clearance from weld zones, for ex- 
ample proximate the casing lid. 
[0005] In a preferred embodiment of the present in- 
vention, a casing having substantially parallel side walls 
connected by a curved end wall receives a cathode elec- 
trode having substantially parallel opposed side walls 
connected by end walls. In another preferred embodi- 



ment, the casing has a cylindrical shape housing a jel- 
lyroll electrode assembly. In either case, the cathode 
electrode is covered by a separator envelope that con- 
forms in a relatively closely spaced relationship to the 

5 contour of the electrode body, including adjacent to the 
casing weld zones, such as adjacent to the lid. Distant 
from the weld zones, the separator envelope has excess 
material and is in a relatively loosely spaced relationship 
with the covered electrode. This loosely spaced relation- 

10 ship accommodates electrode swelling during cell dis- 
charge. Accordingly, the separator envelope of the 
present invention is preferably spaced from the covered 
electrode in a non-uniform manner. While the separator 
configuration of the present invention has been de- 

15 scribed with respect to the cathode of a primary cell, it 
is equally applicable for both the anode electrode and 
the cathode electrode of a secondary or rechargeable 
cell. 

[0006] These and other objects of the present inven- 
20 tion will become increasingly more apparent to those 
skilled in the art by reference to the following description 
and to the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0007] 

Fig. 1 is a perspective view of an exemplary pris- 
matic cell 10. 

30 Fig. 2 is an enlarged cross-sectional side elevation 
view of a prismatic cell according to the prior art. 
Fig. 3 is an enlarged cross-sectional end elevation 
view of the prismatic cell shown in Fig. 2. 
Fig. 4 is an enlarged cross-sectional end elevation 

35 view of the prismatic cell of Fig. 3. 

Fig. 5 is an enlarged cross-sectional end elevation 
view of the prismatic cell shown in Fig. 4. 

DESCRIPTION OF THE PREFERRED 
40 EMBODIMENTS 

[0008] Throughout the various drawings showing the 
electrochemical cell of both the prior art and the present 
invention, like parts, components and structure are giv- 

45 en like reference numerals. 

[0009] At the outset, it should be pointed out that the 
present invention is described and illustrated with re- 
spect to the cathode of a primary electrochemical cell 
housed inside a prismatic casing. However, those 

so skilled in the art will readily recognize that the present 
separator configuration is readily adapted to many dif- 
ferent types of cell housings including cylindrical, but- 
ton-type and prismatic. Also, the present separator con- 
figuration is readily adapted to covering the cathode of 

55 a primary cell and both the anode and the cathode of a 
secondary cell. 

[0010] A perspective view of an exemplary prismatic 
electrochemical cell 10 design is shown in Fig. 1 includ- 
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ing a casing 1 2 having spaced-apart front and back side 
walls 14 and 16 joined by curved end walls 18 and 20 
and a curved bottom wall 22. The open top of casing 1 2 
is closed by a lid 24. Lid 24 has an opening 26 that is 
used for filling the casing 12 with an electrolyte (not 
shown) after the cell components have been assembled 
therein and the lid 24 has been welded to casing 12. In 
its fully assembled condition, the casing 12 is provided 
with a closure means 28 hermetically secured in open- 
ing 26 to seal the cell. A cathode terminal lead 30 is elec- 
trically insulated from Jid 24 and casing 12 by a glass- 
to-metal seal 32, as is well known to those skilled in the 
art. It should be pointed out that as descri bed herein cas- 
ing is useful with an electrochemical cell according to 
both the prior art (Figs. 2 and 3) and according to the 
present invention (Figs. 4 and 5). 
[001 1] Figs. 2 and 3 are cross-sectional views of a 
conventional or prior art construction for a prismatic cell 
housed inside the casing 12. For the sake of clarity the 
anode electrode is not shown. However, it should be un- 
derstood that in a typical prismatic cell design, a central 
cathode electrode 34 is flanked on both of its major sides 
by anode plates. The cathode electrode 34 is connected 
to the terminal lead 30 and the pair of anode plates flank- 
ing the cathode are connected to the casing 12 in a 
case-negative design. Such a cell construction is shown 
in U.S. Patent No. 5,250,373 to Muffoletto et al., which 
is assigned to the assignee of the present invention and 
incorporated herein by reference. 
[0012] The current collector 36 for the cathode elec- 
trode comprises an apertured grid 38, an internal con- 
nection tab 40 in the form of a land that is coplanar and 
surrounded on three sides by the grid 38, and an integral 
external connection tab 42. External connection tab 42 
is an outwardly extending continuation of the internal tab 
40. In Fig. 2, the terminal lead 30 is shown connected 
to the external tab 42 for the cathode electrode, howev- 
er, the lead 30 can be directly connected to the cathode 
current collector 36 at any contact point along the full 
extent of the internal tab 40 and the external tab 42. This 
construction is more thoroughly described in U.S. Pat- 
ent No. 5,750,286 to Paulot et al., which is assigned to 
the assignee of the present invention and incorporated 
herein by reference. 

[0013] As shown in Figs. 2 and 3, the cathode 34 is 
enclosed in a separator 44 which substantially sur- 
rounds and covers the electrode except for an opening 
46. The separator opening 46 provides for passage of 
the connection tab 42 therethrough to make contact with 
the terminal lead 30. 

[0014] According to conventional practice, the sepa- 
rator 44 is of electrically insulative material. The sepa- 
rator material also is chemically unreactive with the an- 
ode and cathode active materials and both chemically 
unreactive with and insoluble in the electrolyte. In addi- 
tion, the separator material has a degree of porosity suf- 
ficient to allow flow there through of the electrolyte dur- 
ing electrochemical reaction of the cell. Finally, the sep- 



arator 44 is shaped as an envelope covering the cath- 
ode 34 and sized to accommodate electrode swelling. 
For example, it is known that the cathode in a Li/CF X cell 
swells during discharge depending upon the current 

5 density used for discharge. Under a 1 K Ohm load, a CF X 
cathode can exhibit a 30% increase in cathode thick- 
ness, an 8% increase in height and a 6% increase in 
length. Under a heavier 499 Ohm load, a similarly sized 
CF X cathode may exhibit as much as a 60% increase in 

*o its thickness, a 15% increase in its height, and a 10% 
increase in its length. 

[001 5] Turning to Fig. 3, the cathode electrode 34 and 
separator envelope 44 are shown housed inside the 
casing 12. The cathode 34 has a solid body in the form 

*5 of an active mixture pressed or calendared against the 
cathode current collector 36. The cathode 34 is provided 
with opposing major side walls 48 and 50 shaped to con- 
form to the front and back side walls 14 and 16 of the 
casing 12 and connected by a generally planar top wall 

20 52 and a curved bottom wall 54. The top wall 52 resides 
adjacent to the lid 24 while the bottom wall 54 is curved 
to match the curved bottom wall 22 of the casing 12. The 
cathode further has opposed front and back walls 56 
and 58 extending to and meeting with the cathode side 

25 walls 48 and 50. The front wall 56 extends to the top wall 
52 and meets a step 60 which forms into the curved bot- 
tom wall 54 while the back wall 58 meets both the top 
and bottom walls 52 and 54. The cathode side walls 48 
and 50 are parallel to the spaced apart front and back 

30 walls 14 and 16 of the casing 12. 

[0016] In the completed cell, anode plates are dis- 
posed between the cathode side walls 48 and 50 and 
the respective casing side walls 14 and 16, however, as 
previously discussed, the anode plates are not shown 

35 for the sake of clarity. Thus, the cathode 34 has a thick- 
ness defined by the distance between side walls 48 and 
50, a height defined by the distance between the top 
wall 52 and the lowest point of the curved bottom wall 
54 spaced from the top wall, and a length defined by the 

40 distance between the front wall 56 including the step 60 
and the back wall 58. 

[0017] As shown in Figs. 2 and 3, the separator 44 is 
spaced in a generally uniformly manner about the entire 
perimeter of the cathode. In that respect, the separator 

45 44 is substantially spaced a like amount or equidistant 
from the cathode 34 at the top wall 52 adjacent to the 
lid 24, at the front wall 56 and step 60, at the bottom wall 
54 adjacent to the curved bottom wall 22 and at the end 
wall 58. According to conventional practice, the prior art 

50 equidistant clearance is about 0.05 inches to about 0.07 
inches spaced from the entire perimeter of the cathode 
34. The perimeter of the cathode is defined by the top 
wall 52 and the curved bottom wall 54 extending to and 
meeting with the front and back walls 56 and 58 includ- 

55 ing the step 60. The separator is generally not spaced 
from the cathode adjacent to the side walls 48 and 50 
as this is where the anode is positioned in close elec- 
trochemical association with the cathode. 
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[001 8] The prior art design is adequate when there is 
substantial clearance between the separator 44 and the 
welding zones for the casing, for example where the lid 
24 is hermetically secured to the casing. This substantial 
clearance prevents melting of the separator material as 
the lid is welded to the casing 12. The problem is that 
the unused space between the top wall 52 of the cath- 
ode 44 and the lid 24 detracts from the volumetric effi- 
ciency of the cell. In other words, if the size of the prior 
art cathode 44 is increased to take advantage of this 
unused space, the internal volume inside the cell occur 
pied by active components, whether of the anode or the 
cathode, or both, is increased. However, when there is 
inadequate space between the separator 44 and the 
casing lid 24, the separator material may melt or be- 
come compromised during welding operations. This 
happens because the lid 24 and casing 12 are relatively 
good thermal conductors. Typically, the separator is of 
a polymeric material and melting is a concern. 
[0019] Figs. 4 and 5 illustrate the present invention 
cell wherein the casing 12 houses a cathode electrode, 
generally designated 100, in electrical association with 
an anode electrode. In these figures, the anode elec- 
trode is shown in order to provide a complete and accu- 
rate description of the present invention. Cathode 100 
comprises plates 102 and 104 pressed together and 
bonded against a cathode current collector 36 while the 
anode comprises anode plates 1 08 and 1 1 0 in operative 
contact with the respective cathode plates 102 and 104. 
The cathode current collector 36 is provided with an op- 
erational grid 38, an internal connection tab 40 and an 
integral external connection tab 42. As previously de- 
scribed with respect to the prior art cell shown in Figs. 
2 and 3, the tabs 40 and 42 provide for connection of a 
terminal lead 30 along the entire extent thereof. 
[0020] According to the present invention, a separator 
112 is provided in a purposefully loosely-spaced rela- 
tionship with the cathode 100. In this embodiment, the 
cathode 100 has a shape similar to that of the prior art 
cathode 34 shown in Figs. 2 and 3 except it has been 
modified somewhat to bring its top wall closer to the cas- 
ing lid 24. This helps to improve the volumetric efficiency 
of the cell. In that respect, the cathode 100 is provided 
with opposed major side walls 114 and 116 shaped to 
conform to the front and back side walls 14 and 16 of 
the casing 12 and connected by a generally planar top 
wall 80 and a curved bottom wall 82. The top wall 118 
resides adjacent to the lid 24 while the bottom wall 120 
is curved to match the curved bottom wall 22 of the cas- 
ing 12. The cathode 100 further has an opposed front 
wall 122 and an angled back wall 124 extending to and 
meeting with the cathode side walls 114 and 116. The 
front wall 122 extends to the cathode top wall 118 and 
meets a step 126 which extends to an angled side wall 
128 forming into the curved bottom wall 120 while the 
angled back wall 124 meets both the cathode top and 
bottom walls 118 and 120. The cathode side walls 114 
and 116 are parallel to the spaced apart front and back 



walls 14 and 16 of the casing 12. 
[0021] Thus, the cathode 100 of the present invention 
cell has a thickness defined by the distance between 
side walls 114 and 116,aheight defined by the distance 

5 between the top wall 118 and the lowest point of the 
curved bottom wall 120 spaced from the top wall, and a 
length defined by the distance between the angled side 
wall 128 where it meets the bottom wall 120 and the an- 
gled back wall 124. In order to prevent internal short cir- 

10 cuit conditions, the separator 112 covers the cathode 
100 about its body including the periphery defined by 
the top wall 118 and the curved bottom wall 120 extend- 
ing to and meeting with the front and back walls 122, 
128 and 124 and the step 126. 

15 [0022] The present invention cell further includes an- 
ode comprising a unitary conductive member 1 30 which 
serves as the anode current collector and is fabricated 
from a thin sheet of metal, preferably nickel, having a 
pair of wing-like sections 132 and 134 joined by an in- 

20 termediate web section 1 36. The preferred alkali metal 
for the anode is lithium. The lithium anode elements 108 
and 1 1 0 are in pressure bonded contact with and carried 
by corresponding ones of the current collector wing sec- 
tions 132 and 134, respectively, which are of a mesh 

25 formation to facilitate adherence to the lithium anode el- 
ements 108, 110. 

[0023] In that respect, the cathode 1 00 of the present 
invention cell is shaped similar to the cathode 34 ac- 
cording to the prior art except the distance between the 

30 top wall 1 1 8 of the cathode 1 00 is much closer to the lid 
24 than is the top wall 52 of the prior art cell. This pro- 
vides the present invention cell with increased active 
material inside a casing of equal volume, which benefits 
the cell's volumetric efficiency. The separator 112 is in 

35 a relatively closely spaced relationship with the cathode 
100 at the top wall 118 and adjacent to the lid 24 for the 
casing. This closely spaced relationship for the separa- 
tor 112 is indicated as the distance 136 in Fig. 5. As is 
the case with the prior art cell shown in Fig. 2 and 3, this 

to closely spaced relationship ranges from about 0.05 
inches to about 0.07 inches. However, in order to ac- 
commodate swelling of the cathode as the cell is dis- 
charged, the separator 112 is in a relatively loosely 
spaced relationship with the cathode 100 in that part 

45 covering the front wall 1 22, the step 1 26, the angled side 
wall 128, the curved bottom wall 120 and the angled 
back wall 124. This loosely spaced relationship for the 
separator is indicated as distance 138 in Fig. 5, and 
ranges from about 0.1 inches to about 0.3 inches. 

so [0024] It shall be understood by those skilled in the 
art that the embodiment of the present invention shown 
in Figs 4 and 5 is by way of example only. In a broader 
sense, the separator is provided in a loosely spaced re- 
lationship with those portions of the cathode which are 

55 sufficiently distant from zones of potential heat comprise 
so that there is little, if any, chance of melting the sepa- 
rator, such as during welding the lid 24 to the casing 12. 
However, as discussed with respect to the prior art cell, 
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the separator is generally in a closely spaced relation- 
ship with areas directly between or intermediate the 
cathode in operative contact with the anode, such as 
cathode plates 102 and 104 in operatie contact with the 
anode plates 108 and 110. Also, the specific design of 
a cell will often dictate the extent and location of the sep- 
arator being in a loosely spaced relationship with the 
electrode which it covers. In an optimum situation, there 
is only as much loose space between a separator and 
the covered electrode in a newly built cell as is neces- 
sary to accommodate complete discharge of the cell 
throughout its useful life. Any excess separator spacing 
is preferably taken up by electrode active material or 
non-active components which are needed for proper cell 
functioning. This balance helps to optimize the cell's vol- 
umetric efficiency. 

[0025] To construct an anode-cathode subassembly 
according to the present invention, the anode wing sec- 
tions 132 and 134 with the associated anode lithium el- 
ements 108 and 110 are folded relative to the web sec- 
tion 136 toward each other and in a manner to place the 
lithium anode elements in operative contact with the op- 
positely directed major surfaces of the opposed sides 
114 and 116, respectively, of the cathode plates. In par- 
ticular, lithium anode element 108 is in operative elec- 
trochemical association with the cathode plate 102 
through a portion 140 of the sheet of separator 112. Sim- 
ilarly, lithium anode element 110 is in operative electro- 
chemical association with cathode plate 104 through an- 
other portion 142 of the separator 112. Shielding and 
insulating sheets (not shown) are positioned between 
the web 136 and the cathode electrode 100. The termi- 
nal lead 30 is then connected to the cathode current col- 
lector 36 extending through the header assembly com- 
prising the glass to metal seal 32 fitted in the lid 24. The 
anode-cathode subassembly is positioned inside the 
casing 12 and the lid 24 is then hermetically sealed to 
the casing 12 such as by welding. 
[0026] The cell is completed by a liquid electrolyte 
provided in the casing and sealed therein by the provi- 
sion of the closure means 28 welded in the fill opening 
to hermetically close the cell. The lead 30 is the positive 
electrical terminal connected to the cathode electrode. 
With anode electrode in operative contact with the con- 
ductive casing 12 through the web section 136 of the 
anode current collector in electrical contact therewith, 
the cell of the present invention is in a case-negative 
electrical configuration. 

[0027] By way of example, in the illustrative cell of the 
present invention, the anode is of an alkali metal con- 
tacted to a nickel current collector. The cathode active 
material is preferably comprised of a metal, a metal ox- 
ide, a mixed metal oxide, a metal sulfide, a carbona- 
ceous material, or a fluorinated carbon material, and the 
cathode current collector 36 is fabricated from a rela- 
tively thin sheet of metal selected from the group con- 
sisting of nickel, aluminum, stainless steel, mild steel 
and titanium, with titanium being preferred. 



[0028] In the case of a carbonaceous active material, 
the carbonaceous material preferably is prepared from 
carbon and fluorine; and includes graphitic and non- 
graphitic forms of carbon, such as coke, charcoal or ac- 
5 tivated carbon. The fluorinated carbon is represented by 
the formula (CF x ) n wherein x varies between about 0.1 
to 0.9 and preferably between 0.5 and 1.2, and (C 2 F) n 
wherein the "n M refers to the number of monomer units, 
which can vary widely. The preferred cathode active 

10 mixture comprises CF X combined with a discharge pro- 
moter component such as acetylene black, carbon black 
and/or graphite. Metallic powders such as nickel, alumi- 
num, titanium, and stainless steel in powder form are 
also useful as conductive diluents when mixed with the 

15 cathode active mixture of the present invention. If re- 
quired, a binder material can also be used. Preferred 
binders comprise fluororesins in powdered form such as 
powdered polytetrafluoroethylene (PTFE). 
[0029] Exemplary mixed metal oxide materials in- 

20 elude silver vanadium oxide (SVO) cathode material as 
described in U.S. Patent Nos. 4,310,609 and 4,391 ,729 
to Liang et al., or copper silver vanadium oxide (CSVO) 
as described in U.S. Patent Nos. 5,472,810 and 
5,51 6,340 to Takeuchi et al., ail assigned to the assignee 

25 of the present invention, the disclosures of which are 
hereby incorporated by reference. The SVO and CSVO 
materials are also preferably mixed with a discharge 
promoter component and a binder material. In the case 
of the cathode comprised of a carbonaceous active ma- 

30 terial, the preferred electrolyte is 1 .0 M to 1 .4 M LiBF 4 
in T-butyrolactone. A cell having a metal-containing 
cathode active material is preferably activated with an 
electrolyte of 1.0 M to 1.4 M LiAsF 6 or LiPF 6 in a 50:50 
mixture of, by volume, 1 ,2-dimethoxyethane and propyl- 

35 ene carbonate. The terminal lead 30 is of molybdenum, 
titanium, or aluminum and separator 1 1 2 is of polyolefin- 
ic material or of a fluoro-polymeric material provided in 
either a woven or non-woven construction or combina- 
tions thereof. The glass material for the glass-to-metal 

40 seal is of CABAL 12 TA-23, FUSITE 425 or FUSITE 435 
hermetic sealing glass, and the fill plug for the fill ferrule 
is of stainless steel, titanium or nickel. 
[0030] The electrochemical cell of the present inven- 
tion can also be constructed having a case-positive 

45 electrical configuration provided by placing the cathode 
parts in contact with the conductive cell casing. 
[0031] Thus, the novel separator assembly of the 
present invention is readily incorporated into alkali met- 
al/solid cathode or alkali metal/oxyhalide primary elec- 

50 trochemical cells of both solid cathode and liquid elec- 
trolyte types. Furthermore, the present separator as- 
sembly is readily incorporated into secondary electro- 
chemical systems. Exemplary secondary cells include 
a carbonaceous anode and a lithium-retentive cathode, 

55 such as LiCo02, activated with an electrolyte having 0.8 
to 1 .5 molar LiAsF 6 or LiPF 6 dissolved in an equilibrated 
mixture of dimethyl carbonate, ethyl methyl carbonate, 
diethyl carbonate and ethylene carbonate. Such a sec- 
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ondary chemistry is more thoroughly described in U.S. 
patent application Serial No. 09/669,936, filed 9/26/00, 
which application is assigned to the assignee of the 
present invention and incorporated by reference herein. 
[0032] While the invention has been described in con- 
nection with certain preferred embodiments, it is not in- 
tended to limit the scope of the invention to the particular 
forms set forth, but, on the contrary, it is intended to cov- 
er such alternatives, modifications, and equivalents as 
may be included within the spirit and scope of the inven- 
tion as defined by the .appended claims. 



casing (12) and attached to the header; 
(d) a separator assembly (112) comprising an 
envelope having side walls disposed on oppo- 
site sides of the first electrode (100), the side 
5 walls converging at opposite ends of the first 

electrode (100); 

wherein the first electrode (100) is disposed inside 
the envelope such that the distance between the 
10 first electrode (100) and the envelope is non-uni- 
form along the perimeter of the first electrode ( 1 00). 



Claims 

15 

1. A separator assembly (112) for insulating a first 
electrode (100) from a second electrode, the sepa- 
rator assembly (112) comprising: 

an envelope having side walls disposed on op- 20 
posite sides of the first electrode ( 1 00), the side 
walls converging at opposite ends of the first 
electrode (100), wherein 
- the first electrode (100) is disposed inside the 
envelope such that the distance between the 25 
first electrode (100) and the envelope is non- 
uniform along the perimeter of the first elec- 
trode (100). 

2. The separator assembly (112) of claim 1, wherein 30 
the distance between the envelope and the first 
electrode (1 00) is greater at one end than at the op- 
posite end. 

3. The separator assembly ( 1 1 2) of claim 1 or claim 2, 35 
wherein the envelope is in a relatively closely 
spaced relationship to one end of the first electrode 
(100) and is in a relatively loosely spaced relation- 
ship to the first electrode (100) at the opposite end. 

40 

4. The separator assembly (112) of claim 3, wherein 
the relatively closely spaced relationship ranges 
from about 1,27 mm (0.05 in) to about 1,78 mm 
(0.07 in), and/or wherein the relatively loosely 
spaced relationship ranges from about 2,54 mm 45 
(0.1 in) to about 7,62 mm (0.3 in). 

5. An electrochemical cell (10), which comprises 

(a) a casing (1 2) having spaced apart side walls 50 
(14, 16) joined by an intermediate wall (18, 20, 

22) having a generally radius curved shape, 
wherein the side walls (14, 1 6) and the interme- 
diate wall (18, 20, 22) extend to an opening 
leading into the casing (12); 55 

(b) a header disposed inside the opening in the 
casing (12); 

(c) a first electrode (100) provided inside the 



6. The electrochemical cell (1 0) of claim 5, wherein the 
distance between the envelope and the first elec- 
trode (100) is greater at one end than at the oppo- 
site end. 

7. The electrochemical cell (10) of claim 5 or claim 6, 
wherein the envelope is in a relatively closely 
spaced relationship to one end of the first electrode 
(100) and is in a relatively loosely spaced relation- 
ship to the first electrode (100) at the opposite end. 

8. The electrochemical cell (1 0) of claim 7, wherein the 
relatively closely spaced relationship ranges from 
about 1 ,27 mm (0.05 in) to about 1 ,78 mm (0.07 in), 
and/or wherein the relatively loosely spaced rela- 
tionship ranges from about 2,54 mm (0.1 in) to 
about 7,62 mm (0.3 in). 

9. A method for forming a separator assembly (112) 
comprising the steps of 

(a) providing a casing (12) having spaced apart 
side walls (14, 16) defining an opening at one 
end and joined by an intermediate wall (18, 20, 
22) at the opposite end, the casing (12) having 
a header disposed inside the opening; 

(b) providing an envelope for insulating a first 
electrode (1 00), the envelope having side walls 
disposed on opposite sides of the first electrode 
(100), the side walls converging at opposite 
ends of the first electrode (100), wherein the 
first electrode (100) is disposed inside the en- 
velope such that the distance between the first 
electrode (100) and the envelope in non-uni- 
form along the perimeter of the first electrode. 
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